Primary education plays a central role in the Burkinabe school system. Several projects have been launched that contribute to expanding the resources available for basic education in Burkina Faso. However, education systems in the di¤erent administrative regions of Burkina Faso may not all be equally capable of employing the resources they receive to generate signi…cant results. This study uses the data envelopment analysis (DEA) method to assess the e¢ ciency with which basic education is provided throughout the 45 provinces of Burkina Faso. Overall, our results reveal that resources are not used optimally for the provision of basic education in the provinces of Burkina Faso. Moreover, in most of the provinces studied, returns to scale in basic education are decreasing. In order to explain ine¢ ciency scores, we also use the Simar and Wilson (2007) procedure. We …nd that households'living situation can explain e¢ ciency in primary education provision.
Introduction
In most countries, primary education is considered the …rst step in educating the population. The principal role played by primary education is therefore to provide individuals with the skills required to prepare them for the higher levels. This isn't exactly the situation in many sub-African countries. In these countries, one of the key objectives of primary education is to actively participate in the human development of the population by providing them with the opportunity to learn to read and write. Primary education is thus principally Economic Department, University of Sherbrooke, 2500, boulevard de l'Université Sherbrooke (Québec) J1K 2R1,CANADA y Economic Department, University of Sherbrooke, 2500, boulevard de l'Université Sherbrooke (Québec) J1K 2R1,CANADA; Valerie.Vierstraete@usherbrooke.ca designed to combat illiteracy. With help from development partners (World Bank, UNESCO, etc), some African government has taken steps to render primary school education accessible to the entire population. Since the World Conference on Education for All in 1990 in Jontiem to the Millennium Development Goals adopted in 2000, numerous projects have thus been launched to assist the development of basic education. Overall, since 2000, the resources devoted to primary education in many Sub-African countries have received a signi…cant boost. However, very frequently the distribution of these resources is driven by political considerations. Provinces or regions in which decision makers have much at stake are often given preferential treatment over the others 1 . This situation could result in waste. Also, it is possible that the education systems in various regions in a country are not all equally able to employ the resources provided to them to generate appreciable results. For example, two regions having access to the same resources may not produce the same results in terms of educating the population. It thus appears worthwhile to assess the e¢ ciency with which resources are used in basic education. This could, subsequently, allow explanatory factors for this e¢ ciency to be identi…ed.
In 2002 began in Burkina Faso the Programme Décennal de Développe-ment de l'Éducation de Base (PDDEB) (Ten-year Basic Education Development Plan), which was set up by the Burkinabe government and its development partners, in order to promote access and quality of the education for children aged three to 12 years. Ten years later, the results are uneven within the country. Disparities exist between Burkinabe provinces and within every province. With a public sector su¤ering from resources limitations and many civil society organizations involved, e¢ ciency of the Burkinabe educational system could thus be addressed to identify the potential sources of waste. This is the main purpose of our research. For it, our study …rst examines the issue of e¢ ciency in primary education by assessing the success of Burkina Faso's 45 provinces in reaching their goals in terms of the quality of, and access to, education. We next propose factors to explain e¢ ciency in resource allocation in education. The remainder of this paper begins with a presentation of primary education in Burkina Faso, followed by a review of the literature on measuring e¢ ciency in education. In a fourth section we discuss our methodology, and the …fth section presents the data. Next, a presentation and analysis of the results of the study is followed by a conclusion.
Primary education in Burkina Faso
Located in West Africa, Burkina Faso is one of the poorest countries in the world. Ranked 177th on the Human Development Index (HDI), the population of Burkina Faso is among the least educated in the world. In order to improve the e¢ ciency of e¤orts to educate the population, management structures for primary education have been decentralized at the level of the 45 provinces and 13 regions. In this vein, the government of Burkina Faso has had an education policy Perspectives de développement du système éducatif à l'horizon de l'année 2010 (Development prospects for the education system until 2010) in place since 1994. This policy has two principal objectives: …rst, to expand access to basic education with a view to universality while improving its quality and, second, to develop the education system, including the post-primary levels, in order to meet the demand for skilled labour and to ensure that graduates meet the needs of the economy in terms of quality and quantity. Therefore, basic education has assumed a pivotal role in the country's development policies. The Cadre stratégique de lutte contre la pauvreté (Poverty Reduction Strategy Paper), Burkina Faso's ‡agship development policy paper, assigns a central role to education. Furthermore, as of its inception, the PDDEB has envisioned mobilizing over 235 billion CFA francs (approximately $CAN600 million), primarily for building classrooms, training educators, and equipping the basic education sector in the di¤erent provinces of Burkina Faso. The principal objectives of the PDDEB were to raise the school attendance rate to 70% by 2010, to improve the quality, relevance, and e¢ ciency of basic education, to increase the literacy rate to 40%, and to develop skills in leadership, management, and the evaluation of structures 2 . However, these positive developments in educational indicators conceal disparities between the regions. For example, in 2008, while the gross school attendance rate was 54% in the Eastern Region, it was 102.7% 3 in the Central region. Moreover, in 2008 the primary school leaving certi…cate obtention rate was 71.9% in the Central-North region, but only 49.8% in the Central-South region. A question can arise from these mere …gures. Can result di¤erences be only due to di¤erences of resources but also to di¤erences of the e¢ ciency in the use of resources? Thus, it appears important to identify the relationship between resources devoted to primary education and the results obtained in each province of Burkina Faso. Are there provinces that are using "more" resources than required in comparison with other provinces? Or, in other words, are there provinces that are ine¢ cient?
Measuring e¢ ciency in education
The literature on measuring e¢ ciency in education contains two types of methods: parametric and nonparametric. Of the parametric e¢ ciency measures, stochastic frontier analysis (SFA) and deterministic frontier analysis methods have been most widely used by researchers in this …eld. For example, Barrow (1991) uses the deterministic frontier method to estimate the performance of school boards in Great Britain. He demonstrates that the cost of education is positively correlated with students being from a socioeconomically disadvantaged background, the free distribution of meals, and the need for students to have supplementary knowledge. Using the stochastic frontier, Deller and Rudnicki (1993) identify parents' education levels and the unemployment rate as explanatory factors for ine¢ ciency in education. Among nonparametric approaches, data envelopment analysis (DEA) is most frequently used to measure e¢ ciency in education. According to Worthington (2001) , Bessent et al. (1982) pioneered the use of DEA in education. These authors use a DEA model to assess the e¢ ciency of 241 school districts in the city of Houston in the United States. They evaluate the impact of the type of …nancing received and teachers' level of experience and quali…cations on the e¢ ciency of these districts. Several other authors have used the DEA method to examine e¢ ciency in education. These include, notably, Färe et al. (1989) in their study of the performance of school districts in Missouri, Ray (1991) for schools in Connecticut, Thanassoulis and Dunstan (1994) and Bates (1997) for school boards in Great Britain, Ruggiero (1996) , Engert (1996) and Duncombe et al. (1997) for the e¢ ciency of school districts in New York state, and Chalos (1997) for the e¢ ciency of school districts in the state of Illinois.
The DEA method has often been used in conjunction with other methods to measure e¢ ciency in education. For example, Johnes (2003) employs a DEA model and a multilevel model to study the e¢ ciency of English universities and demonstrates that, when individual students'levels of e¤ort are removed, the e¢ ciency results of these institutions appear to be equal regardless of the method. Afonso and St. Aubyn (2006) use a DEA model and a Tobit estimated with the bootstrap method to evaluate the e¢ ciency of educational systems of 25 countries in the OECD. They …nd that e¢ ciency depends on per-capita GDP and adults'education levels.
Methodology
As previously discussed, there are two primary approaches to measuring e¢ -ciency: parametric and nonparametric methods. Since parametric models generally require assumptions on functional forms, we will opt for a nonparametric method in this study (the DEA model). This nonparametric method has the bene…t of requiring less constraining assumptions than most parametric methods.
DEA is a nonparametric method derived from the Farrell (1957) model of technical and allocative e¢ ciency. It is based on an interior approximation to the production technology of decision-making units (DMU) and requires two major assumptions: free disposal and convex combinations. These two assumptions allow an empirical production frontier to be constructed and the ine¢ ciency of each DMU to be assessed in terms of its position relative to that frontier vertically (output orientation) and horizontally (input orientation). The most commonly used underlying models are the CCR (Charnes, Cooper and Rhodes, 1978) and BCC (Banker, Charnes and Cooper, 1984) . In our study, we use an output-oriented CCR model. Our choice of CCR model is essentially attributable to the fact that it allows us to examine returns to scale in primary education in Burkina Faso. Furthermore, the output orientation reveals the increase in output that would be required for a given DMU to be e¢ cient, whereas the input orientation reveals by how much inputs can be reduced, for a given output, for the DMU to be considered e¢ cient. We believe that this orientation re ‡ects the objectives of the Burkinabe authorities, who appear to favour a policy of increasing educational outputs rather than one of decreasing inputs. If y m;n , and x r;n , are M outputs and R inputs, respectively, while N indicates the number of DMUs in the sample, analytically the CCR model in the output orientation looks as follows:
X n x r;n x r;0 (2) n = 1; :::; N If P n ›1 DMU n is characterized by decreasing returns to scale; by constant returns to scale if P n =1, and by increasing returns to scale if
is the coe¢ cient by which output must be multiplied for the DMU to be considered e¢ cient; i.e., the e¢ ciency score. S + and S are slack variables allowing inequalities in (1) and (2) being converting in equalities. " is a nonArchimedian element allowing the system to be solved in two steps, …rst on and second on the slack variables. Constraints (1) and (2) allow the production frontier to be constructed thanks to n a weighting coe¢ cient.
The DEA method is of particular relevance to our study because, unlike most econometric methods, it is compatible with multiple educational outputs and inputs. However, Simard and Wilson (1998) point out that the e¢ ciency scores generated by the DEA method are biased. They propose a bootstrap technique allowing the bias of the e¢ ciency scores to be estimated, so that scores calculated using the DEA method can be adjusted to correct for this bias. According to these authors, the bias associated with the e¢ ciency score of each decision-making unit is given by Equation (3).
b b is the e¢ ciency score for sample b calculated by the DEA method. B is the total number of simulations and b the estimate of of . The e¢ ciency score corrected for the bias is obtained from Equation (4).
However, Simar and Wilson (2008) point out that the bias correction obtained withEquation (4) introduces additional "noise". So if the ratio of the estimated bias and thevariance satis…es some conditions the unbiased e¢ ciency score will be valid. Otherwise, e¢ ciency scores obtained with the bootstrap method must be considered. Let b be an estimate of the variance of e¢ ciency scores obtained from all bootstrap samples and forall DMUs.
For these unbiased e¢ ciency scores to be valid, each of them must satisfy the following condition:
For our study we use panel data covering eight years. This allows us to evaluate e¢ ciency for each year and for each province. In order to allow intertemporal comparisons of a single DMU while also increasing the precision with which e¢ ciency scores are calculated we adopt the window analysis approach, which consists of treating each province each year as a decision-making unit in its own right.
The DEA method has a number of bene…ts, but it also su¤ers from certain drawbacks. Among others, we note that this method treats all deviations from the production frontier as ine¢ ciencies, including those attributable to measurement error. The bootstrap method allows this to be addressed to some extent, but DEA remains a deterministic method. One solution to this problem would be to use a stochastic frontier model. However, as we have already shown, the DEA method is preferable to the SFA method because it can accommodate several outputs. Since the purpose of our study is to evaluate the e¢ ciency with which resources are used to improve not only access to, but also the quality of, education, we will have to de…ne at least two outputs. Consequently, the DEA method proves to be the best suited to our analytical requirements.
The DEA method has been used in several studies on Burkina Faso. For example, Marschall and Flessa (2009 ) use it to demonstrate that rural healthcare centres in Burkina Faso are ine¢ cient from the perspective of scale. Wouterse (2011) evaluates the e¢ ciency of the Burkinabe agricultural sector. She …nds that access to education has a positive impact on e¢ ciency in Burkina Faso's agricultural sector. To the best of our knowledge, the DEA method has not yet been applied to an assessment of the e¢ ciency of Burkina Faso's education sector.
Another objective of our study is to examine the factors that might explain e¢ ciency in the primary education system in the 45 provinces of Burkina Faso. The literature contains several econometric tools for analysing the impact of environmental variables on e¢ ciency scores yielded by the DEA method. For example, some authors employ ordinary least squares to regress DEA e¢ ciency scores on a set of explanatory variables (for example, Sexton et al., 1994; Stanton, 2002), while others perform econometric regressions using models such as Tobit (for example, Kumar and Gulati, 2009 and Guihong, 2010) . In order to re ‡ect the fact that the DEA scores are bounded, some authors use logarithmic, logistic, or log-normal transformations (for example, Ray, 1991; PuigJunoy, 1998). However, according to Simar and Wilson (2007) , the validity of results yielded by these methods is debatable owing to the general absence of any discussion of the data generating process (DGP) of e¢ ciency scores from the DEA. These authors present a discussion of the e¢ ciency score DGP for the DEA method and propose estimation algorithms based on the bootstrap method. These algorithms allow biased parameter estimates for the explanatory variables of the e¢ ciency scores to be corrected and provide for appropriate statistical inference. The two algorithms (1 and 2) by Simar and Wilson (2007) are equivalent for large samples, but algorithm 2 is more reliable for small samples. In light of the size of our sample, we opted for the second Simar 
Data
The territorial organization of the primary education system in Burkina Faso corresponds with the nation's administrative boundaries. Elementary schools are organized into provincial primary education boards, and these provincial boards, in turn, into regional boards. These provincial and regional boards are responsible for providing guidance, management, educational and professional assessments, and planning. All the data we use are from Burkina Faso's Ministère des , and 2007 at the regional level. Consequently, our only option is to assign data from the corresponding region to each province. To apply the DEA method we need to de…ne inputs and outputs. In other words, the factors of production and the product of education need to be identi…ed. According to Michaud (1981) , this exercise is particularly challenging in the case of education because there are numerous objectives and the means to attain them are di¢ cult to isolate. Nonetheless, in the literature some authors have attempted to provide descriptions of the inputs and outputs of education. For example, Schultz (1961) and Becker (1964) de…ne the product of education in terms of higher personal incomes earned by the more educated. Denison (1962) suggests that the contribution education makes to domestic economic growth provides a measure of the product of education. With regard to the inputs to education, Burkhead (1967) proposes four broad categories of factors of production, to wit, the student's time, the sta¤'s time, educational supplies, and buildings and equipment. Correa (1963) , in turn, considers the assets and sta¤ whose services are employed in the education process as factors of production in education. Our choice of inputs and outputs will essentially be based on the literature and our knowledge of the Burkinabe education system. According to the document Perspectives de développement du système éducatif à l'horizon de l'année 2010 (Development prospects for the education system until 2010), which lays the groundwork for Burkina Faso's primary education policy, the main goal is access to education and an improvement in the quality of education. Consequently, our choice of output should re ‡ect these objectives. This leads us to retain two outputs: one measures the "quantity" of education, i.e. the gross school attendance rate, and the other the "quality" of education, i.e. the primary school completion rate. As to the inputs to education, we base our approach on concepts developed by Correa (1963) and Burkhead (1967) . However, the purpose of our study being to evaluate the performance of administrative structures, we have omitted the pupils' and the sta¤'s time: the former because it falls outside of the purview of educational bureaucracies and the latter because of the absence of data on hours worked. Following Correa (1963) and Burkhead (1967) , inputs may be grouped into two categories, physical assets and human resources. Human resources that are directly involved in primary education in Burkina Faso are, in descending order of their level of quali…cation, principal teachers, certi…ed teachers, certi…ed assistant teachers, and assistant teachers. Lacking data on the number of assistant teachers, we have only retained values for the …rst three kinds of teachers (principal, certi…ed, and certi…ed assistant ones). As to inputs in the form of physical assets, we consider infrastructures (the number of classrooms per 100 pupils 6 ) and instructional materials (the number of readers and arithmetic exercise books per student) 7 . Table 1 Descriptive statistics Examination of these descriptive statistics reveals that the standard deviations of the outputs are greater than those of the inputs. This reveals that inter-provincial disparities in the results obtained exceed di¤erences in resource allocation.
Number of DMU

Ine¢ ciency in Burkinabe educational system
In this section we present and analyse the results of the study on Burkinabe education system e¢ ciency. E¢ ciency scores corrected for bias were obtained using the method proposed by Simar and Wilson (1998) . For these purposes, 5,000 simulated samples were created and the CCR model was solved for each of these samples. Comparing the bias and variance for each DMU considered, 8 according to the method in Equation (6), con…rmed the validity of the corrected e¢ ciency scores. Therefore, we use these corrected e¢ ciency scores in all of our analyses. Furthermore, in the output-oriented DEA the e¢ ciency score attributed to each DMU expresses the factor by which its outputs must be multiplied for it to be considered e¢ cient with regard to its reference set. Therefore, the higher this score, the less e¢ cient the DMU. These results demonstrate a high average level of ine¢ ciency in the Burkinabe education system, with an ine¢ ciency score near 1.70. This also reveals that, for the level of inputs used, a number of decision-making units would need to increase their output substantially to be as e¢ cient as the most productive DMUs in the sample. The outputs of primary education could have increased by about 70 % if all the DMU were quite perfectly e¢ cient. Moreover, we …nd some di¤erences between the provinces. Figure 1 presents the mean level of ine¢ ciency in each of the 45 provinces of Burkina Faso. We observe that mean ine¢ ciency varies considerably from one province to the next. At 2.61, the highest level of ine¢ ciency is recorded in the province of Komandjari, while the lowest level identi…ed is 1.15, in the province of Nahouri. Moreover, the most ine¢ cient DMU is the province of Komandjari (2011), while the least ine¢ cient DMU is the province of Nahouri (2008). In addition, Figure  2 reveals that trends in mean ine¢ ciency over time are not monotonic. With outputs remaining constant (even more increasing), this reduction automatically caused a decline in ine¢ ciency. We also detect that, between 2007 and 2009, ine¢ ciency level is almost identical. An analysis of ine¢ ciency extending over a relatively long period after the end of the PDDEB would undoubtedly reveal an important decrease of ine¢ ciency. The underlying notion is that the two outputs need some time to adjust after an increase in inputs. As a result, in the short term ine¢ ciency may appear to increase following a massive injection of inputs, but this e¤ect should tend to dissipate over time, as DMUs adjust. The …ndings also reveal that returns to scale are decreasing in nearly 73% of provinces, so allocating more inputs to basic education does not appear su¢ cient for improving e¢ ciency. The fact that Kadiogo 10 is one of the least ine¢ cient provinces raises a fundamental question. In light of the fact that the population of this province is the least poor in the country 11 , we might be inclined to speculate that there's a relationship between living situations and ine¢ ciency in the management of educational resources. We are primarily interested in whether ine¢ ciency in the education system is attributable to di¢ culties in households living situations. In addition, it is possible that some elements inherent in the educational system contribute to making decision units more or less ine¢ cient. The following section seeks to establish a causal link between ine¢ ciency and the living situations of Burkinabe households.
7 Ine¢ ciency in education and households'living situations
Households'quality of life may play a role in explaining attendance and success in postsecondary studies. In fact, in the light of several studies performed in Western countries, such as Canada, the notion that parents' standard of living a¤ects access to education and success in school has gained widespread acceptance. This link will become all the more evident if we consider that, for example, a pupil in a developing country may su¤er from malnutrition and the unavailability of healthcare. In this regard, in a study of …ve African countries (including Burkina Faso), Michaelowa (2000) …nds that the poorest children are disadvantaged in the area of school achievements. She attributes this to the fact that some key elements of learning for children, such as the availability of books, literacy of the parents, access to media, the possibility of studying at home, and regular meals, are related to their families'standard of living. Balma et al. (2010) …nd that the poorest Burkinabe families are only half as likely to enroll their children in primary school. This suggests that the living conditions of Burkinabe households may have an impact on the "quantity" and "quality" of primary education. In this section, we attempt to establish a causal link between households'living conditions and ine¢ ciency in the primary education system. To do this, as we explain above, we perform an econometric regression based on the Simar and Wilson (2007) double bootstrap procedure 12 . Only three of the variables we considered in this analysis have a signi…cative impact on ine¢ ciency. Thus, access to electricity seems to have a negative impact on ine¢ ciency. In other word, using electricity as main mode of lighting improves primary education e¢ ciency. As in Burkina Faso, most of the population have no access to electricity, such an access can be considered as an indicator of higher standard of living. Furthermore, ine¢ -ciency seems to decrease with the nearness to a healthcare center. We can easily suppose that access to healthcare allows students to remain healthy and then more productive in classrooms. This contributes to improve primary education quality. Finally, the proximity to secondary schools seems to improve primary education e¢ ciency. High school students certainly participate to share bene…ts of education in households and to support primary school students in their studies. Thus, the nearness to high school students should improve access to and quality of primary education and then reduce ine¢ ciency. 
Conclusion
In this study we use data envelopment analysis to measure the e¢ ciency with which primary education is provided in the 45 provinces of Burkina Faso. More precisely, we measure the e¢ ciency with which resources allocated to primary education are transformed into "quantity" and "quality" of education in that country. We …nd that, overall, the level of ine¢ ciency is pretty high. There appears to have been an increase in ine¢ ciency during the period covered by the study, primarily because of the sluggishness with which outputs were able to adjust to an in ‡ux of investment into primary education from large-scale basic education development projects, in particular the PDDEB. Moreover, in nearly 73% of the provinces evaluated, returns to scale in basic education are decreasing. Also, we were able to establish a relationship between ine¢ ciency and standard of living, and found that access to electricity, being close to a healthcare center or to a secondary school have a positive e¤ect on e¢ ciency. Contingent on data availability, more targeted studies could examine the causal link between e¢ ciency in primary education in Burkina Faso and others variables related to poverty.
